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ABSTRACT 



A color processing method utilizing a plurality of devices 
having different color spaces as one virtual device. A scanner 
inquires a computer of colcr space and presence/ahsenoe of 
a color conversion function. If the computer has the color 
space conversion function, the scanner transmits color 
image data with parameters for converting tiie data into data 
of tiie color space of the computer, Invrarsely, the computer 
inquires the printer of color space and presence/absence of 
a color space conversion function. If the printer has the color 
space conversion function, the computer transmits color 
image data with parameters obtained from operation of 
parameters for converting the color space of the image data 
into the color space of the printer and the parameters 
received from the scanner 

13 Claims, 15 Drawing Sheets 
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COLOR PROCESSING ARRANGEMENTS BR]EF DESCRIPnGN OF THE DRAWINGS 

WITH DEVICE INDEPENDENT COLOR ^ . ^ . t.. t. i . a- 

SPACE CONVERSION accompanying drawmgs, which are incorporatea in 

and constitute a part of tiie specificadon, illustrate embodi- 
BACKGROUND OF THE INVENTION 5 ments of the invention and. together with the description, 

Presentinventionrelatestoacolorprocesfii^^ '^^P^^'* the principles of the invention. 



correcting the differ ence among coiorspaccs of color image FIG* 1 is a block diagram schematically showing the 

input/output dewSTThe coirection is performed wten the system configuration of an embodiment of the jresent 

oil^mfaevice such as a printer oulputs a color image from invention; 

e.g. a con^uter, when a coIot image is inputted into a 10 FIG. 2 illustrates a device driver in the embodiment; 

oomputCT^om the mput device such as a s^nno: or an FIG. 3 is a device-independent color space control pro- 

electro nic camg u, or wheci a conq)uter transmits color j^^i |jj embodiment- 

im^e Sta to another conyute r. HG. 4 iUustrates Color-Space-Request packet used in the 

For example, even if vanous devices such as a con^uter, color space control protocol; 

a scanner, an electronic camera and a printer can represent ^ « . , . . 

the same RGB color-con^nents, each device has its own ^ illustrates Color-Space-Ust packet used m die 

sensitivity to RGB color-con^nents. For this reason, the ^^1°^ space control protocol; 

printed results often disagree with the users* intentioa FIG. 6 illustrates Colcr-Space-Select packet used in the 

Further, in a case where a single computer selectively uses color space control protocol; 

a plurality of printers, color reproduction usually differs at 20 j^q j illustrates Color-Space-Select Ack packet used in 

each printer. In this case, the printed results may be diffo-ent the color space control protocol; 

To avoid such inconvenience, a con^uter having high- yiq g ^ block diagram showing the configuration of a 

operation c^abiUty performs appropriate color correction server/dient system to which the present embodiment is 

for each device. In case of an application software, it opens applied; 

the menu so that the user can select necessary color space for ^ wr*^ • ui i j- u • • j * -i i- * 

^ . ^, _ J tr pjQ 9 IS a block diagram showing m detail a dient side 

a current pnnter/scanner. / r * ^ 

of the server/client system; 

However, the conventional color correction possesses the ^ „ ,„ , , 

following drawbacks' ^® illustrates a general packet construction used m 

(1) Asprintersandscamiersinaeaseinvaiieties,difficulties the color space control protocol; 

in Color-Space-Selection occur on the application soft- FIG, 11 illustrates as an example-a signal sequence 

ware side. between the server and the client; 

(2) The application software operator is in charge of piG. 12 illustrates in detail a signal sequence on a client 
correction, i.e., the user should perform color correction. side; 

These probleins are serious when shitting a pluraHty of pjg ^3 mugtrates as an example color carxection in a 
scanners and prmters by a plurality of computers via a monitor- 
network. * 

FIG. 14 illustrates as another example color correction in 

SUMMARY OF THE INVENTION the monitor; and 

The present invention has been made in consideration of FIG. 15 is a block diagram for explaining a color coirec- 

the above situation, and has as its object to provide a color tion data control method. 

processing method and color image processing apparatus 

which enables using apluraKty of devices, each of which has DET AILED DESCRIFnON OF THE 

its own color space, as one virtual device. PREFERRED EMBODIMENTS 

Accordine to the present invention, the foregoing object - , , . r *• -n u 

is attained by providing a color processing f« a , embcrfunents <rf the present mvenUon wdl be 

computer syrteihaving a plurality of device drivers respec- described in detail in acccriance with the accompanying 

tively for image input/output devices and a iduraHty of color drawings. 

collection means for the iitput/oulput devices corresponding Normally, connection between a computer and a printer is 

to the respective device drivers, the computer system pro- physical connection via e.g. a cable using a Centronics 
cesses color image data, comprising the stq>s of: perf onmng ^ interface. As is apparent from a network printer connected to 

color correcAion of the input/ailput devices by instructing a local area network (LAN), it is wrong to regard a cable as 

the respective device drivers; and holding the color- a "physical and logical" connecting point A cable is a 

corrected data by the respective device drivers. physical connecting point, however, if it is also a logical 

Another object of the present invention is to provide a comiecting point, an application software should be able to 
color processing n^thod and apparatus which enables color 55 change the physical specification of each printer or scanner. 

sp^e conv^sion witiiM^-pr«^^^^ To avoid this problem, when an input/output device 

Still another object of the present invention is to provide . ^ ^ \I. • ZTV 7 • lupui/wm^iut ucvi«: 

a color processing method and apparatus which low^s load P^^^^ ^ ^ input/output device maker is connected to a 

of a hoS computer computer, a device dnver is installed into an operating 

FUitha- object of the present invention is to provide an 60 (^S) of the con^uier. 
image processing system having a novel function and a The present embodiment realizes an interface between the 
device constituting the system. input/output devices such as printer and a scanner by virtu- 
Other features and advantages of the present invention alizing the following four items: 
will be apparent from the following description taken in (1) Logical connecting point 
conjunction with the accompanying drawings, in which like 65 (2) Standard coior space 

reference characters designate the same or similar parts (3) Virtual cclor correction (virtual color space conversion) 

throughout the figures diereof. (4) \%tual Color Space Conversion Protocol 
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[Logical Connection] 

HG. 1 is a block diagram showing the system configu- 
ration embodying &e present Invention. In FIG. 1« reference 
Dumeral 1 denotes a scanner; 2, a connection cable; 3, a 
device driver of the scanner; 4, a computer; 5, an image 5 
processing plication, e.g., a coIot XXTP soft; 6, a device 
driver of printer 8j and 7, a connection cable. Device drivers 
3 and 6 exist in the conq)uter 4 and they are connected via 
programmable connection paths 9 and 10 to each other. 

Conventionally, a color image data interface is defined by 10 
physical connecting points (cables 2 and 7) between the 
input/ou^t devices 1 and 8. In the present embodiment, 
however, the interface is defined by logical connecting 
points (paths 9 and 10). More specifically, the device driver 
3 exists in the coiiq)utcr 4 physically, however, the device 15 
driver 3 can be logicaUy considered as a part of the scanner 
1. Also, the device driver 6 which exists in the conq)uter .4 
t^ysically can be regarded as a part of the printer 8. 

Accordingly, the difference of color space between the 



consid^ing the above-mentioned fact that computer do not 
always have correct color space. F6r cxanq)le, in an appli- 
cation software, a scaimer can be driven using a command 
in the menu. It seems very convenient because the applica- 
tion can directiy drive the scanner: In fact, a long list of 
scaimers is displayed in the menu, tiien a corresponding 
scanner is selected, and scanning is started. As this selection 
is made only once, there seems no problem- However, 
problems occur in the following cases. 

The scanno* selection by the application software means 
the application softwares are in charge of setting the various 
scanners. Also color correction should be made by tiie 
application software. When there existed only a few types of 
black-and-white scanners in the market, an application soft- 
ware was able to perform color correction. Now there are 
variety of scanners such as a scanner for black-and-white 
half-tone and a color scanner, color correction by the appli- 
cation is insufGdent. Device driver should dariiy that the 



computer 4 and tiie scanner 1 or the printer 8 can be easily 20 scaimer side should be in charge of color correction. Even in 



30 



35 



corrected by using the interfaces 9 and 10 between the 
device drivers 3 and 6 as logical connecting points for color 
correction. The connection paths 9 and 10 will be referred to 
as "logical connecting points** hereinafter. 

In this embodiment, the respective logical connections are 25 
provided with standard color space arcHind them. If the 
- 4 uses RGB color space and the printa 8 uses 
iC color space, the device driver 6 performs 
RGB->YMC conversion. 
[Color C<Hrection at Logical Connecting Point] 
The color correction at a logical connecting point can be 
^^lied not only to the color space conversion between 
fferent color spaces, but to conversion between the same 
color spaces. For example, the scanner 1 normally outputs 
RGB signals and the computer 4 often uses RGB coIch* space 
as its standard color space. In many cases, the white balance 
of the scanner 1 and that of the computer 4 are subtiy 
different Conventionally, the user has manually adjusted 
such subtie difference or has done nothing and abandoned 
the difference. Assuming that the color space of the scanner 40 
1 is R'G'B', correction to the scanner 1 color space should be 
made by the device driver 3. Hiat is, color correction should 
be preferably performed at a logical connecting point 
[Introduction of Standard Color Space] 
As described above, it is not j^ipropriate to assume the 45 
color space of the scanner 1 ^TR'G'B'" and that of the 
conqjuter 4 "RGB", since a well-designed standalone scan- 
ner perf onus color ccnection before it outputs a color signal 
If the scanner color space RGB is standard, the compute 4 
color space should be non-standard. Unfavorably, the mis- 50 
understanding that computers always have standard color 
space derives from tiie fact that they treat digital numerical 
values while scanners including a light source and a image 
sensor treat analog values. In fact, however, a color based on 
a value set on the computer is unknown until the data is 55 
displayed on a CRT display and becomes visible color to 
human eyes. For this reason, the computer numerical values 
cannot be determined correct unless tiie CRT display is 
properly adjusted. Usually, color correction is performed at 
the devices not in a computer, because the computer controls 60 
all the devices and therefore tiie color correction cannot be 
performed in the coii^)Uter. In this case, however, the color 
correction is performed on the assun^tion that the computer 
has correct color space. 

[Contradiction in Color Correction by Computer] 
As in many systems, it is convenient to perform final color 
correction by a computer. However, it is very incredible 



a case where a system can provide only one scanner to a 
user, the system should have a construction connectable to 
a scanner of any type without adjustment 
[Setting of Standard Color Space] 
In the present embodiment, standard color space is pro- 
vided at tiie logical connecting points in order to solve the 
above-mentioned problems and contradiction. Equation 1 is 
for convertkg cola: space "R'GB'** into color space 'TIGB** 
[^ii* ^121 • - ■ > ^33^ ^ conversion coefGdent matrix. Equation 
2 is for converting color space **RGB** into **rgb". [gji, gi2, 
• • 1 £33] is a conversion coefQcient matrix. 
Equation 3 is obtained by substituting the equation 1 into 
the equation 2. The conversion coefficient matrix of the 
equation 3 is replaced with equation 4, and the equation is 
expressed as equation 5. This means that once matrix 
operation is performed, the number of color conversion 
operations whidi should initially be performed twice can be 
reduced to once. The conversion coefficient matrices [f^, 

fi2 f3z\^<^ [gii. gi2t . . . , gsal are represented as [F] 

and [G] in equations 6 and 7 for the sake of sin^licity. 



(1) 



65 




(2) 



(3) 



(4) 



(5) 



(6) 
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continued l^ngtii 43, and content 44 from the top. The packet ID 41 has 

(7) a code indicative of the type of the packet The command ID 
42 has a code indicating what the subsequent data elements 
represent. The length 43 shows the lengtfi of the content 44 

5 in byte units. The command ID 42, the length 43 and the 

(8) content 44 can be repeated depending upon circumstances. 
Tenninator 45 is included at the end of the packet The 
tcnrnnator 45 is a kind of command ID and is indicative of 
"0" The content 44 is a variable-length data whose length is 

na 2 shows t^e color space iar^cteristics of the com- ,o '^^^tf^^^'^\^J^^^^ 

outer 4. In FIG. 2, the de^nts in FIG. 1 have the same vanabl^lengdi conten 44 has expansivity, the content 44 

reference nmnerals. Reference numeral 11 denotes a color canbe ^^ed- kngto dMa. 

space characteristic of the seamier; 12, a standard color Jh^ ^V^^ ^^'''^^^u .^'''Z'^'Z^^^ 

ZT^ S^Sstic; 13, a color spa;:e characteristic of the ^9' 3 wiU be descab^ below. Fir^, the transmitt<^ trans- 

SSutoXecoiorJpacediarr^ mits &e Color-Space-Request padce to the receivj,^ t^ 

as^WN"NTCCRGB^\ and YgT3"" respectively. «G" is specify the color space of imge data to ^ 

a conversion means (matrix) for (inverting ^TEl'G'B- data inqmre of the receiver s color space. At the same tune, tfie 

LrOTSCRGB«dia.*r'isaconversioDmeans(mat^^ transmitter mfom^ the recaver of presence/^Asence 

w ^r^^^^T^if **>JT<;p won" data into *Vff'b'" data^ coloT convcrsion function. As shown m HG. 4, the trans- 

'^SxS"^^^^^^ mitter^ansmitsdatainaccorda^^ 

standard a>lor space here. If the data transmitting side 20 and mforms that therts is no color convei^ion function 

(scanner 3) and £e receiving side (conq)Uter 5) both have C*No") on the transmitting side. On the other hand, the 

**RGB" color space, it should be desirably 'OTSC RGB". receiver returns a ColOT-Spacc-list packet to the Color- 

The transmitting side converts the device color space data Space-Request packet, to inform the transmitter of a list of 

**R'G'B*" into the standard color space data 'OTSC RGB" by acceptable color spaces. As shown in FIG. 5, the recdvcr 

the conversion means **G". The receiving side converts the 25 receives in accordance with "RGB" color space and infrans 

standard color space data WSC RGB" into the device that there is a color convcrsion function (**Yes") on the 

color space data Vg'b'" by the convasion means *T". receiving side. 

[Virtual Color Correction (Virtual Color Space The transmitter transmits a Color-Space-Select packet as 

Conversion)] shown in FIG. 6 to determine the ooIcm: space and data format 

The two conversion means 'Kj' and 'T" are indispensable 30 to be used. Fot example, the employed color space data is 

for setting the standard color space. However, there are the ^TRGB" and the data is to be transmitted with virtual color 

following problems; correction parameters. This packet includes filter coeffi- 

(1) The cost of the entire system increases. cients for color space correction. The receiver acknowledges 

(2) The throughput is degraded. the color space and the data format to be used by Colcr- 

(3) Operation errors accumulate at every conversion. 35 Space-Select Ack packet as shown in FIG. 7. The transmis- 

(4) Color representation dynamic range becomes narrow at sion can.be made without acknowledgment, and the Colcr- 
every conversion. Space-Select Ack packet can be optional. 

To avoid sudi problems, the Virtual Color Connection Next, a case where scanners and printers are connected to 

Concept (X^rtual Color Space Conversion) is introduced in a computer via a network will be described. In this example, 

die present embodiment. The Vktual Color Correction/ 40 the transmitter is a Macintosh by Apple Computer 

Virtual Color Space Conversion (hereinafter referred to as (hereinafter referred to as **S/P Client"), the receiver is a 

'Virtual conversion") is a method for transmitting as one set standalone network scanner printer server (hereinaftCT 

an equation for converting color space into a target standard referred to as '*S/P Server"). In this system, tfie transmitter 

color space and initial data without operatii^ the equation. and the receiver are connected via a communication proto- 

In this method, the final operation is entrusted to fte 45 col. Generally, the Local talk is used for Macintosh, 

receiving side. The receiving side first operates the conver- however, to have the machine coexist with e.g. the UNIX 

sion means G and F, and mult^ilies the result with the initial environment represented by the SUN, the TCP/IP protocol is 

data value. This reduces the number of the matrix operations suitable. For this reason, the Mac?rCP which is the TCP/IP 

(twice) to only once, and preventing operation errors such as protocol for Macintosh is en^)loyed as the communication 

a rounding error. Note that the operation is entrusted to the 50 protocol in this system. 

data receiving side only if the receiving side has the opera- The functional elements in tius system arc PrintTCP, the 

tion function. If the receiving side docs not have the SP Client, the SP Server, and die MadTCP. 

ftuiction, the operation is paformed on the transmitting side. The PrintTCP and the SP Client and the MacTCP are 

[Virtual Color Space Conversion Protocol] installed into the Macintosh. The PrintTCP is a scanner 

FIG. 3 shows Virtual Color Space Convcrsion Protocol in 55 printer driver for outputting data to a scanner prmter server 

the present embodiment. The communication between the on the Ethernet via the TCP/IP from an application of the 

transmitter and the receiver is performed via device drivers, Macintosh. The basic functions of the PrintTCP is as fol- 

and the protocol is realized by packet transmission. For lows: 

example, in a case where the transmitter and the receiver (1) To generate, when the QuickDraw subroutine is called 

perform communication within one personal conqwter, only 60 upon printing, a CaPSL (Canon Printing System 

a packet pointer is transmitted and an actual packet is not Language) code equivalent to the subroutine. The CaPSL 

transmitted. Is a printer language by Canon K. K. 

FIGS. 4 to 7 show the construction of respective packets. (2) To generate, as a CaPSL code, bit map halftone image 

It should be noted that the constmctions are similar to each data (color/black-and-white) compressed by tiie ADCT 

other and therefore only Color-Space-Request packet shown 65 (Adaptive Discrete Cosine Transformation) transforma- 

in FIG. 4 will be described here. The packet includes tion based on the JPEG (Joint Photogr^hic coding 

one-byte base elements, packet ID 41, command ID 42, Experts Group) standards as an optional function. 
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(3) To transmit the generated CaPSL code to the S/P Server 
via the S/P Client driver. 

The SP Client is a communication control program for 
transmitting a CaPSL code to the printer connected to the 
S/P Server via the TCP/IP and the Ethernet The SP CUent 
has the following basic functioas: 

(1) To link end-to-end the S/P Client and the S/P Server via 
the TCP/IP. 

(2) To transmit CaPSL data received from the PrintTCP to 
ttie S/P Server. 

(3) To have the S/P Server scan an original, then receive the 
scanned data, and transmit the received data to the appli- 
cation. 

The SP Server always runs on the S/P Server as a demon, 
while waiting for data reception from the client The basic 15 
functions of the SP Server arc as follows: 

(1) To pass the CaPSL data from the S/P CUent to CaPSL 
interpreter. 

(2) To start an original scanning program and transmit 
received scanned data to the S/P CUent 
FIG. 8 shows the relation between these programs. The 

format and function of the resources of the respective 
program units are as foUows: 

(1) Printing Manager: to caU a subsequent jainter driver 
installed in the system as a standard driver. TVpc=DRVR, 25 

iPrDrvKef=-3 . 

(2) PrintTCP: initiaUy this printer driver is not installed m 
the system It is provided as a code resource in the form 
of Chooser Document so as to be selected from the 
Chooser DA with User Writer and Image Writer. 30 

(3) SP Client: this driver automatically instaUs itsdf in the 
system by INTT-Bl mechanism upon starting of the sys- 
tem. 

(4) MacTCP: this driver also has the resource "Control Panel 
Document". Xt sets initial values sudi as IP address from 35 
the control DA. 

(5) SP Server: It is a FSX server side program which exists 
in the form of e.g. a demon of the UNIX. 
In FIG. 8, reference numeral 20 denotes a DTP appUca- 

tion on die market; 21, the Printing Manage which always 40 
exists in the OS; 22, the PrintTCP; 23, the SP Oient; 24, the 
MacTCP; 25, an Ethernet board; 26, a control function of 
ADCT board; 27, an ADCT comjffcssion board; 28, an 
Ethernet Cable; 29, an Ethernet board; 50, the TCP/IP 
protocol which always exists in the UNIX; 31, the S/P 45 
server; 32, the CaPSL interpreter; 33, a control function of 
the ADCT board; 34, an ADCT coiqsression board; and 35, 
ttie printer. Numerals 20 to 25 denote the Macintosh; 29 to 
34, NWSP; 25 and 29, hardware for providing a communi- 
cation function via the cable 28. Acmal logical communi- 50 
cation path can ensured by the MaiO'CP 24 and theTCPZIP 
30. The SP CUent 23 and the SP Server 31 form an 
end-to-end printer scrver/dient protocol on a logical com- 
munication path provided by the TCP/IP 30. The purpose of 
this protocol is to serve as a driver to divert the appUcation 55 
50 from its attention to the network (Ethernet) and have the 
jCTUcation regard the printer 35 as if it is connected to local 
computers. In other words, to the appUcation 20, the printer 
35 seems directly connected under the Printing Manager 2L 

FIG. 9 shows in detail the relation between the con5)uter 60 
side and Ac OS 36. As shown in HG. 9, the Printing 
Manager 21 is apart of the OS 36. The PrintTCP 22 and Ae 
SP CUent 23, the SP Oient 23 and the Mac TCP, Ae 



PrintTCP and the control function 26 perform communica- 
tion via a device manager 37, The PrintTCP 22 is divided 
into QuickDraw-CaPSL converter 22-1 and printer driver 
22-2. The converter 22-1 replaces the QuickDraw subrou- 
tine witfi a CaPSL code. This operation enables the SP 
Server having the CapSL interpreter to emulate the Quick- 
Draw in place of the QuickDraw. Constructing the system 
using the respective drivers as drivers not appUcations 
provides tiie greatest merit of easy standardization of 
specification, since the interface is connected via the OS 36. 
Further, if the OS is artually a single task OS, though die OS 
is the Multifinder, drivers at the corresponding parts can be 
multitaskcd. For example, in case of the UNIX, only an 
interface to a physical device can be a driver and the other 
interfaces can be demons to run on the background. 
[SP CUent Format] 

The SP CUent driver automaticaUy instaUs itself in the 
system by the INir-31 mechanism upon turning on the 
20 power. When the driver memory size becomes greater, most 
codes are held in the form of code resource, and when the 
drivCT is opened, the resources are loaded on the system 
heap. In this case, the memory is freed when closing. The 
driver name begins with a period (" 

Further, the SP CUent has die Control Panel Document 
resource. It can set various parameters such as the IP address 
from the Control Panel. For this purpose, it has resources as 
foUows: 
DrrLID=-4064 
mach II>=-4064 
nrctID=-4064 
ICN#II>=-4064 
BNDL ID=-4064 
FREFII>=-4064 
cdevID^-4064 
[Sp CUent Driver Interface] 

The SP CUent provides the foUowing hi-level dcice 
manager routines: 
DriverOpen 
Driveraose 
Control 
FSRead 
FSWrite 
Status 
KiUIO 

Odier services of tiie SP CUent than the above m the 
standard driver interface can be ovided by Control routine. 
Various commands as Usted below can be used by setting a 
cs code of the Control caU's parameter block to a predeta- 
mined value: 
SPSetlnit 
SFlisten 
SPCapabUity 
Color-Space-Request 
Color-Space-list 
Color-Space-Select 
Color Space Ack 
[ExpUmation of Commands] 
The commands are as shown in table I. 
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TABLE 1 



DriverOpeai <ileni> 
— paiameteT 



<defiiw> 

host 

wind 

OsBrr 



hostname 
window size 

bu&r pointier (SPOpen result) 
result 



FSRead 



DriveiClose <itein> 
parameter 
return: 
<itein> 
parameter 

retumi 



FSWtitc 



Control 



parameter 



teturo: 
<itcrQ> 
parameter 

return: 
<item> 
parameter 



refinun 

OaErr 

<dcfinB> 

refiium 

•buffer 

OsEn- 

RxSize 

EOF 

<definB> 

refiium 

♦buffer 

size 

EOF 

O&Eir 
<dcfine> 
host 
*bufficr 



(hereinafter this Na) 
<cxanq)le/^omment^ 



<Gxanq^Ie/x>inment> 
port ref Jlo. 

buffer pwnter (received data buffer) 
result 



port ref JJo. 
<content> 
port re£No, 
result 



(received data size) 
data texmination flag 
<cxample,con>c>ent> 



data size 



BaiofRle 



<cxaniplevcoiiimenl> 



<dcfiDe> 

lefiium 

♦buffer 



SPIhit 



SE^isten 



O^ 
server first 



return: 



return: 

c9Code=cSpIiiit 
<item> 

host 

•buffer 
OsErr 
re&um 

csCode=cSEListen server issues 
<itcm> <dcfii]e> 
parameter refinun 
jetam: OsErr 
SPSetStatus csCode=cSPStatus server 
<itein> <define> 
paxamecer le fa u m 

newStatus 



EndofFUe 
<caDtent> 
port ref J^o. 

buffer pointer (transmission data 
buffer) 

(tcansmissbu data 
size) 

(data termination 
flag) 

result 
<contenO 
hostname 

bufer pointer (SPStatus result) 
result 

<content> <exainplc,commcnt> 
port ref J^o. 

buffer pointer (data buffer) 
data size (data size) 

result 

issues it & prepares reception 

"CcontcnO <eianq)le,connnent 
host name 

window size (1,2,4,8) 
bufifer pomter (SPOpen result) 
result 

port ref Jfo, (hereinafter this No.) 
it & acknowledges reception 
•ccontcno <cxamplc,commcnt> 
port ref J^o, 
result 

it & changes S/P server setting 
<icanteiit> <eian^le,conniient> 
port ref J4o. 
new status 
settmg value 
result 



45 



[Packet Format] 

General packet format of the SP Sorver/Client protocol is 
as shown in HG. 10. In FIG. 10, numorals aUotted at the left 
side indicates the number of bytes. 

[Packet Functions] 

The functions of the SCCL packet and the DVCL packet 
are as shown in Tables 2 and 4. 

TABLE 2 



50 



OpcnConn 



Open CoimReply 



CloseConn 



set scrvoi/clieiit link, ensure virtual 
communicatiDn Une 
iofonn servei/cHent co mmu n i ca ti o n 
functioa to oppodte end 

ackxKJwledge server/client link 
ackiKTwledge server/client link 
oommumcation function 
establish cannecticn number (Conn-ID) 

disconnect server/client link 



55 



60 



65 



TABLE 2-continued 



Data 






data 


Ack 






acknowledlge data transmission 


Nack 






acknowledge data transmissioa, control flow 


Status 






iaqpure of servet/clienl link status 


StatusReply 






reply to Status; one of RR RNR Stanis ACK Abort 


Abort 






disconnect comsaumcation 


Control 






control seiveiyclient (all services except 




data to PrinfTCP) 
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TABLE 3 



<DVCL PackeO 
But (com-id=ficIiiit) 

FDLsdutguagO 



flcapesOacape-typo 
ceaohttioi»3<(^i> 
ooloT3<:ookr-5pace> 
IiutA£k(coiii-kl==fidnitAck) 
rc9i2lt=>aesult-oo(k> 
Scaii(coin-id=ficScan) 
pap«=<J»pcr-sire> 
Bcai)e=<acipc-typO 
re«olutiott=<dpi> 
cokji==<co]ar-compoiient> 
Sc8nAck(coia-kl=&Sc«nAck) 
resuh=<result-<xxk> 
which-ixiwge=<uiB^-id> 
Pri]it(cxm-kt^cPrint) 
paper=x^>aper-8ize> 
■cipc=<»ctpe-type> 
rcs(^utkHi=><di>i> 
cok)r-oosnpo=<cok>r-oaix)posient> 
p^es=xiiuiDi»eT-of-pages> 
PrimAck (oom-klsficPriiitAck) 
resutt3Cresult-o(xl£> 
wbich-iiiuse=3c:iiiiag6-id> 
qiieuc-nuiDbcr=<toiiiA>CT> 
Capabilit3r(com'^d;=ficCapttbaity) 

CaiwbililyAck(com-id 
^ficCqnHlityAck) 
cfevice=3<2levice-zianie> 
directk30=<data-dnectiaQ> 

papci=<paper-sizo 

cok>i=x:cokr-space> 
SetAzcs(coKn-id==&SetAiea) 

aieap<)miit-area> 

SetAieaAck(coin-id;:=&SetAzeaAck) 

result?xicsult-oode> 
SetCokr (cQin-kt=£xSdCok)r) 

cobi=xte)k]r-spacc> 

cok>r compa=<color-co£apooeiil> 

SetCok]rA£k(coiD-kt^&SetCok>rA£k) 

ze8ult=<reault-oode> 

BufFliMli(com-kl=6cBufflusb) 

which-tnmg'^'^inwgr-ki'* 

BufiniiahAck(coiii-kl=£[BuflFlushAck) 



:SPServeT iiutialization request 

(e.g. Prmt,Scan,Get,Oivc) 

<e^, CaPSL^ost5cript,HPGL) 

(e^.A4,A3) 

(e.g. Landscape^ortrait) 

(eg. 100,200,300,400) 

(eg.BK,RGB,RGBX,CMVK4-ABrXYZ,YCiCb) 

:SPSeiver iiutialization response 

(e.g, DC>Err,Enor) 

tscanning start request 

(e.g.A4,A3) 

(e.g. LaDdscapc,Portrait) 

(e.g. 100,200,300,400) 

(e.g. Et,G,B,CM%KA) 

:scanoiDg start response 

(e.g. noEnvError) 

(e.g. 1,2,3 . . . ) 

:printing stait request 

(e.g.A4,A3) 

(e.g. Landscapc,Portrait) 

(e.g., 100,200,300,400) 

(e.g. R,GACtM,Y,K,X) 

(e.g. 1-99) 

iprinting start response 

(e.g.A4.A3) 

(e.g. 1,2,3 . . . ) 

(e.g. 1,2,3 . all) 

:SPScrm function acknowlotlgnicat 

request 

:SPSseTver fimctioa acknowledgment 
response 

(c.g. Print,Scan,Gct,Give) 

(e.g. CaPSL,Postscript,HPCa-) 

(e-g.A4,A3) 

(e.g. Landscape,Portrait) 

(c,g-BK,RGB,RFBX,CMyK,LABX5fZ,YCiCb) 

:onginal image effective area 

setting request 

(e.g. topjef,bottom,ri^) 

XDTiginal image effective area 

setting response 

(e.g, 1,2,3 . . . ) 

(e.g, noEir,Error) 

:cok>r designatioa request 

(e,g. 1,2,3 . . . ) 

(eg3K,RGB,RGBX,CMYKJ^,T0CZ,YCtCb) 

(c,g. r,g3,c>i,y;k,x) 

:cok>r designation response 

(e.g. noEiTj&Tor) 

:inuige memory clear request 

(e.g. 1,2,3 . . . ) 

:image memory clear response 

(e.g. noErr^nor) 
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TABLE 4 



TABLE 4-coiitinued 



ClearQueue(oom-id 

=&CkarQueue) 

qaetuM>uiiLbeT^=>Cii2mbei> 

CkarQueueAd:(cooi-kl 

sfiK^karQueueAck 

ie8ult=x:rBsult-oodo 

Cosnp(com-id;=£cComp) 

whichHmage=3dmage-id> 

lypeacoomprewioa typo 

CompAck(oom-ide==fi^2oiiq>Ack) 

which-image=<iniage<id> 

nsult»<le«uh-oodo 

Deoomp(ccoi- id^fitDocomp) 

which image=3<image-ji(^ 

typc^aciooizqxessksi type> 

DeCompAck(com-id= 



rprinter queue clear request 
(e.g. 1,23 - ■ . aU) 

rpnoter queue clear 

acknowledgment 

(e^. nD£rr,EiTor) 

nmage cosnpiessioa request 

(e.g. 1, 2, 3 ... ) 

(e.g. JFEO, MH,MR,MMR) 

:image compression acknowledgment 

(e.g. W . - . ) 

(e.g, noErr^nor) 

±nage expaosioai request 

(e^. 1, 2, 3 ... ) 

(e.g. JPEG,MH,MR>!MR) 

:imi|ge expansion acknowledgment 



fid>eCompAck) 

whicb-^mage=3<image-k^ 
55 re5ult?x>esult-code> 

DIR(com-i6=&DIR) 

DIRAck(ooni-id=fia>IRAck) 

director =<directoo 

CI>(oam4d=fiCD) 

dircctor=<cfircctoi> 
60 CDAck(com-kt=£xCDAck) 

result=xiesult-codfi> 

Gct(com-id?=&Gct) 

data;=:>cdata> 

GetAck(com-ide=£cGetAck) 
result=xatsult<ode> 
65 Put(caai-id=£xPut) 
data=<data> 



(e.g. 1A3 . . - ) 
(e.g, □oEn;Enor) 

:dirDctory request 

idirectory response 

(e.g. /homcAiser-iiaTnc/fiVHaame) 

:diiectozy change request 

(e.g. /bome/user-name^^iame) 

:diiectoiy diange response 

(e.g. ncEn^Eiror) 

:fi]e transmissioa request 

:file traxemissioa admowledgmeiit 
(eg. oc£n;&ror) 
:file receptioQ request 
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TABLE 4-continued 



PutAck(com-id=£dHitAck) 


rfile reception acknowbclgmeiit 


iesult=<resuU'OodO 


(e.g. QoEnJBncr) 


Caiicel(coiii-ide=£ii:Caiioel) ' 


cscanxkcr server opcratioOf Settii^ 




cancellatioa 


result=<resTilt-oode> 


(e^. noErrJErr) 


Color-Space-Request(oom-ict= 


itraxisxnitter's color space request 


Color-Space-Rcguest) 


and color processing function 


Color Sp3cc 


color ftJKK^ narrwr 


Capability 


color pcocessing capability 


ColoT-Spacc-List(coin-ki=CIolor- 


neceiver's color space list and 


Space-List 


color processing fuoctiou 


Color-Space 


color space name 


Capability 


color processing cs^pabiHly 


Color-Spaoc-Sebct(com-id= 


:transmitter*s color space 


Colar-Space-Selcct) 


designation <>Tiri color processing 




method ^^^^^Tm tmn 


Color-space 


color space name 


Color-Method 


color processing method 


Colar-Space>Select Aclc(ooiii4d 


u:eceiver*8 cobr ^ace 


'=CoIor-Spac&^lect Ack) 


ackxcwLedgmcnt and color 




processing method 


Color-^ace 


color space name 


Color-Metbod 


color processing rocthod 



FIGS. 11 and 12 show the sequence of these packets and 
cominands. FIG. 11 depends upon the flow between a client 
and a server. FIG. 12 depends upon the flow between the 
Ma<TCP and the SP Client 

Similaiiy to standard file access, access from the appli- 
cation side are made using Open, Read, Write and Close 
ooininands. First, the PrOpen function is called &om the 
application. The SP Client receives the SPOpen command, 
and it issues the TCPActivateOpen function by the Connect 
command to be connected with the TCP/BP. The SP Client 
indicates fliat the call of the TCP/IP has been normally set if 
the return of the function is **noEn". The SP Client subse- 
quently transmits the OpenConn packet to the SP Server to 
link the SP Client and the SP Server on the set TCP link. The 
SP Server returns the OpenCopnnReply to acknowledge the 
setting of the session link unless there is no problem in the 
printer. Thereafter, the SP Qient transmits the Init packet 
and the Control packet to the server side to initialize the 
parameters of the saver side. Then, the SP Client issues the 
Color-Space-Request packet for color space control Hie 
subsequent communication has been already described. 
These SP Server/SP Client packets are transmitted by 
TCPSend or TCPRv jjackets of the TCP/IP protocol 

{Modification] 

FIGS. 13 and 14 show a modification to the present 
embodiment. FIG. 13 shows image information displayed 
on a CRT monitor. In FIG. 13, reference numeral 50 denotes 
the CRT monitor; 51, a corrected color signal for displaying 
correct NTSC RGB color on the monitcr; a correction 
coefficient matrix; and 52, a connection cable. In order to 
display the RGB signal which is **proper'* to human eyes, 
color correction sudi as gamma (y) correction is required. In 
FIG. 13, gamma connection is performed on the computer 
side. As it takes a long period to perform such correction by 
a CPU, it is usually made on the monitor 50 side, as shown 
in FIG. 14. The scanner color signal is multiplied by the 
correction coefficient matrix D on the monitor side. 
Generally, a color correction circuitry of a monitor has a 
hardware construction, or it is a high-speed processor such 
as a DSP (Digital Signal Processor) for high-speed cc^ec- 
tion. In any case, to the computer side, the CRT has 
conventionally been a passive device which simply repro- 
duces a given RGB signal. In other words, the coefficient 
matrix D has been the CRT monitor 50 *s own color pro- 
cessing system included in the monitor 50, and has never 
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been directed to the computer for its dynamic use in frequent 
operation (except setting correction). 

The device-independent color processing method accord- 
ing to the present invention can even omit the image 

5 processing operation by the GPU of the co^^)ute^ while the 
interface passes a color signal according to a virtual standard 
color space to the CRT moniton ActuaUy, the input-side 
color correction coefficients as the equation 4 and those of 
the scaimer in FIG. 2 can be transmitted separately from the 

10 image signal, in the form of protocol, to tiic CRT monitor. 
Equation 8 shows this processing. "F" denotes a correction 
coefficient matrix for matching the scanner's own color 
space to the standard color space; 15 **0", a correction 
coefficient matrix in the Computer; and "D**, a correction 

15 coefficient matrix for matching the monitor's own color 
space to the standard color space. If the CRT monitor is an 
active device as that in the present invention, the color 
correction operation can be made by the final device at a 
time as the equation 8. 

20 In this manner, the present invention realizes a color 
processing system which optimizes hardware resource for 
high-speed operation while containing the device- 
independent concept, further, reduces accumulative errors of 
the operation. 

25 Jt should be noted that the . algorithm having cascade- 
connected filter operations so as to perform the operation at 
a time within the final device can be easily made when color 
correction is established between the three primary color 
representation (color mixing system) such as "RGB", 

30 **XY27\ ••CM V and **YIQ". However, in case of conversion 
between one of the above color systems and a color repre- 
sentation calculated from the XYZ system (color developing 
system) such as '*L*a*b***, the operation based on the above 
algorithm cannot be performed easily. Rather, in such case, 

35 the color mixing system should be converted into the color 
developing system before c^>eration. 
[Color Correction) 

When a conq)uter-processed color image is printed, 
whether the printed result coincides with the color on a CRT 

40 monitor or not is a significant problent In a oonq>uter- 
processing system, the monitor and the printer are adjusted 
in the following manner. 

In standard monitor adjustment, based on the assunqiCion 
that the respective RGB color-components vary from 0 to 

45 100, a •TiGB=100,0,0" signal is inputted to display red, and 
the displayed red color is measured by a spectrophotometer. 
The measurement result obtained as a ••XYZ" signal is 
converted into a RGB signal. The signal gain is adjusted 
to "100, 0, 0". Similarly, a ''RGB =100, 100, 100" signal is 

50 inputted and adjusts so that the output of the spectropho- 
tometer will become ••100, 100, 100", Next, a half tone color 
signal such as ••RGB=70, 30, 30" is inputted and adjustment 
is performed in a similar manner, and finally, a signal 
••RGB=70, 70, 70" is inputted as white balance to complete 

55 adjustment. Regarding printer adjustment, the basis of the 
adjustment method is correspondent to the above method. It 
goes without saying tiiat there are other applicable adjust- 
ment methods. 

Once the monitor and the printer are respectively 

60 adjusted, the Corrected values become unchanged. Even 
through this adjustment stage, the CRT monitor display and 
the printed result may be different Printing experts take this 
very seriously. To solve this problem, electronic color codes 
have been introduced. The electronic color codes are pro- 

65 vided by printing ink makers, with computer color samples 
(color image data) so that colors the-same as their ink- 
printing color samples can be obtained on compter display. 
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When a color image data is fomied on a computer and finally 
printed out, referring to the electronic color codes is inevi- 
taUe for the accuracy of the work. The electronic color 
codes are provided in the form of application, or provided as 
the docunoent file of a popular q)plication soft to be com- 
pued with attached color san^les. Accordingly, the appli- 
cation's hue adjustment function requires minute adjust- 
ment However, a plurality of applications, a plurality of ink 
makers, a plurality of color san^les, and combinations 
thereof, will make such adjustment confusing. 

Siting of adjustment values can be made by a utility 
program or by a DTP application. However, tiie adjustment 
results should not be managed by the application but by a 
device driver so as to avoid color correction for every color 
sample at every q)plication. According to the embodiment, 
a color image sigiial passed to a device driver can be a virtual 
standard color. For this reason, the application side does not 
need to perform color matching, and the device driver itself 
performs it. The device driver manages color matching 
informations by saving them as color files of ink makers. 
The files can be changed over so that reference to the color 
samples in the same environment can be made from any 
application. In case of Macintosh, the device driver has cdev 
resources. This mechanism enables color correction from 
the Control Panel while operating an application, further, 
once-set values become conmion values to all the applica- 
tions. 

When using the device-independent color processing 
method according to the present invention, an application 
and a device driver can comnumicate with each other. In this 
case, the setting values of the device driver can be directly 
controlled from the application. FIG. 15 shows the relation 
between the direct control from the application. In FIG. 15, 
reference numeral 3 denotes a coniputcr; 60, a printer; 61, a 
device driver for controlling the printer 60, which always 
exists in the computer 3; 62, a correction data file for a 
specific set of electronic color codes; and 63, a correction 
data file for a second set of electronic color codes. Hie 
device driver 61 dirccdy uses the respective correction files, 
however, the plication can indirectly use them, as shown 
in FIG. 15. Further, the correction files can be controlled 
from the cdcv. 

As described above, the device-independent color pro- 
cessing method enables color processing based on the stan- 
dard color space to image data received from an input 
device, since the data is conceptually transmitted in accor- 
dance with virtual standard color space. Further, in this 
iDdfaod, image data can be transmitted to an output device 
without color processing operation. Acccx-dingly, a color 
processing system which im^nroves the operation speed 
without accumulative errors such as rounding error, and 
optimizes hardware resource with maintaining the device- 
independent concept can be realized. 

As described above, acceding to the present invention, a 
pltirality of devices having different color space can be 
utilized as one virtual device. 

The present invention can be applied to a system consti- 
tuted by a plurality of devices, or to an apparatus comprising 
a simple device. Furthermore, it goes without saying that &e 
invention is applicable also to a case where the object of die 
invention is attained by supplying a program to a system or 
apparatus. 

The present invention is not Limited to die above embodi- 
ments and various changes and modifications can be made 
within the spirit and scope of the present invention. 
Therefore, to apprise the public of the scope of the present 
invention, the following daims are made. 

What is claimed is: 

1. A color processing method for converting input color 
image data of a first color space depending on a first device 
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into output color image data of a second color space dq>end- 
ing on a seoond device, comprising the steps of: 
receiving, through a oommunicatioo line from an external 
device, first color processing data for converting the 
5 first color space into a device independent color space; 
generating a third parameter by combining said first color 
processing data and second color processing data for 
converting the color image data in said device inde- 
pendent color space into color image data in the second 
color space; and 
performing color space conversion on the input color 
image data by using the third parameter to ou^t color 
image data in the second color space. 

2. The method according to claim 1, wherein the color 
space is three primary color representation as a cdoi mixing 

15 system such as RGB, XYZ, CMY and YIQ. 

3. The method according to claim 1, wherein the device 
independent color space is National Television System 
Committee (NTSC) RGB. 

4. Hie method according to claim 1, wherein, in said 
20 generating step, forth color processing data relating to a 

color correction according to tone characteristics of said 
second device is also combined with said first color pro- 
cessing data and said second color processing data. 

5. The method according to claim 1, wherein, in said 
25 receiving step, first color processing data stored in a packet 

is received based on a protocol between transmitting 
devices. 

6. The method according to claim 1, wherein said per- 
forming step is applied to said second device. 

7. The method according to claim 1, wherein said gener- 
^ ating step is qiplied to said second device. 

8. The method according to daim 1, wherein said input 
color image data is receiv^ independent of said first color 
processing data, based on a protocol between transmitting 
sides, through a communication line from said external 

35 device. 

9. A color image processing system which has a trans- 
mission unit bdonging to a first device and a receiving unit 
belonging to a second device, said transmission unit com- 
prising; 

40 transmitting means for transmitting a first parameter for 
converting a first color space depending on the first 
device into a standard color space and color image data 
to said receiving unit throu^ a communication line; 
and 

45 said receiving unit conoprising: 

combining means for generating a third parameter by 
combining the first parameter and a second parameter 
for converting the standard color space of said receiv- 
ing unit into a second color space depending on the 
50 second device; and 

color space conversion means for performing color space 
conversion for the color image data by using the third 
parameter. 

10. The system according to daim 9, wherein said first 
device is a scanner. 

11. The system according to daim 9, wherein said second 
device is a printer. 

12. The system according to claim 9, wherein said receiv- 
ing unit is connected with the image processing apparatus 
via a connection point physically. 

^ 13. A color processing ^^paratus for converting input 
color image data for a first color space depending on a first 
device into output color image data of a second color space 
depending on a second device, con^sing: 
reception means for receiving, through a communication 
65 line form an external device, first color processing data 
for converting die first color space into a device inde- 
pendent color space; 
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generating for generating a third parameter by ~SS°SpSS 
combining said first color processing datt and secoml ^Si^ to ^ut color i^le data in the sMond 

color iffocessing data ta c<Hive9ling the color image ^gje. 
data in said device independent color space- into color 

image data in the second color space; and « * * « ♦ 
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